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Description 

This  invention  relates  to  apparatus  for  pressuriz- 
ing  bone  cement  in  situ,  during  polymerization.  More 
particularly,  the  invention  relates  to  a  method  and  ap-  5 
paratus  which  can  be  utilized  to  pressurize  the  bone 
cement  after  a  prosthesis  is  implanted  in  a  medullary 
canal  of  the  femur. 

It  is  well  known  by  laboratory  experiments  that 
the  strength  of  curing  polymethyl  methacrylate  10 
(PMMA)  bone  cement  is  enhanced  if  the  bone  cement 
is  put  under  pressure  during  polymerization.  It  is  be- 
lieved  that  this  strength  enhancement  is  the  result  of 
the  reduced  volatilization  of  the  monomer  component 
of  the  bone  cement  during  polymerization.  It  is  also  15 
well  known  that  placing  polymethyl  methacrylate 
bone  cement  under  pressure  prior  to  the  insertion  of 
an  implantable  prosthesis  improves  the  strength  of 
the  interlock  between  the  cement  and  the  bone  into 
which  the  cement  is  placed.  This  is  because  the  ce-  20 
ment  is  thus  encouraged  to  penetrate  into  the  inter- 
stices  of  the  cancellous  bone  structure.  Clearly  both 
of  these  effects  are  desirable. 

A  number  of  devices  are  available  which  attempt 
to  carry  out  cement  pressurization  prior  to  the  inser-  25 
tion  of  the  prosthesis.  One  such  device  is  referred  to 
in  U.S.  Patent  4,399,814  which  issued  to  George  W. 
Pratt,  Jr.  et  al.  and  is  used  in  a  method  of  coating  a 
portion  of  the  walls  of  the  medullary  canal  in  effecting 
a  degree  of  penetration  into  the  bone  with  a  coating  30 
of  bone  cement.  The  pressure  on  the  bone  cement  is 
maintained  until  it  reaches  a  desired  physical  state. 
However,  this  device  does  not  allow  the  positioning  of 
the  prosthesis  within  the  canal  during  the  pressuriza- 
tion  and  also  during  polymerization,  but  only  allows  35 
pressurization  prior  to  insertion.  Similarly,  U.S.  Pa- 
tent  4,488,549,  which  issued  to  Allen  J.  C.  Lee,  etal., 
refers  to  a  method  in  which  a  pressurizable  seal  mem- 
ber  fits  over  the  end  of  the  cavity  in  the  bone  to  allow 
pressurization  of  the  cement  in  the  cavity.  The  seal  40 
member  has  an  aperture  therein  for  receiving  a  ce- 
ment  delivery  nozzle.  The  seal  member  may  be  a  bal- 
loon  seal  which  is  inflatable  and  expandable  ora  solid 
body  of  deformable  material.  Again,  pressurization  is 
accomplished  priorto  inserting  the  prosthesis.  There-  45 
fore,  the  device  is  unsuitable  for  applying  pressure  to 
the  bone  cement  during  polymerization  with  the  pros- 
thesis  in  place. 

U.S.  Patent  4,357,716,  which  issued  to  Byron  L. 
Brown,  refers  to  an  apparatus  which  can  seal  the  50 
proximal  end  of  the  femur  during  total  hip  displace- 
ment  after  the  bone  cement  has  been  placed  around 
the  prosthesis.  While  this  patent  provides  a  device 
which  allows  constant  pressurization  of  the  cement 
while  the  cement  is  hardening,  there  is  no  means  of  55 
ensuring  that  optimum  pressurization  is  occurring. 
Furthermore,  the  design  of  the  device  requires  that 
the  prosthesis  have  an  integral  collar  so  that  mech- 

anical  forces  can  be  applied  and  thereby  compress 
the  exposed  surface  of  the  bone  cement.  U.S.  Patent 
4,274,163,  which  issued  to  Lawrence  L.  Malcom  etal., 
refers  to  a  prosthesis  having  internal  passageways 
which  allows  for  the  introduction  of  bone  cement  un- 
der  pressure.  The  pressure  is  maintained  until  the  ce- 
ment  hardens. 

U.S.  Patents  4,462,394,  4,466,435  and 
4,595,006  disclose  other  methods  for  introducing 
bone  cement  into  an  intramedullary  canal  prior  to  the 
insertion  of  the  prosthesis.  U.S.  Patent  4,562,598,  is- 
sued  to  C.  Krang,  refers  to  a  pressing  member  for 
pressing  a  prepeg  member  into  the  walls  of  the  bone 
cavity.  None  of  these  patents  discloses  a  method  or 
apparatus  which  can  be  used  with  a  wide  variety  of 
existing  prosthetic  devices,  nor  do  they  allow  for  the 
maintenance  of  a  predetermined  pressure  on  the  ex- 
posed  surface  of  the  bone  cement  during  polymeriza- 
tion  with  the  prosthesis  implanted. 

It  is  an  object  of  the  invention  to  provide  appara- 
tus  for  pressurizing  bone  cement  in  an  intra-medul- 
lary  canal  after  insertion  of  the  prosthesis  and  while 
the  bone  cement  is  undergoing  polymerization. 

It  is  yet  another  object  of  the  invention  to  provide 
apparatus  which  indicates  to  the  user  the  pressure 
being  applied  to  the  exposed  surface  of  the  bone  ce- 
ment  during  the  polymerization  process. 

It  is  still  another  object  of  the  invention  to  provide 
apparatus  for  maintaining  the  pressure  on  the  ex- 
posed  surface  of  a  bone  cement  during  the  polymer- 
ization  thereof,  with  a  prosthesis  in  place,  which  is 
simple  in  design  and  easy  to  operate. 

Accordingly,  these  and  other  related  objects  are 
achieved  by  apparatus  for  use  in  applying  a  predeter- 
mined  pressure  to  an  exposed  surface  of  a  curable 
bone  cement  during  the  curing  thereof.  In  this  appli- 
cation,  the  bone  cement  surrounds  an  exposed  end 
of  a  prosthesis  implanted  in  a  bone  cavity.  The  appa- 
ratus  comprises  an  inflatable  sealing  member  having 
a  central  opening  therein  for  fitting  over  the  exposed 
end  of  the  prosthesis  and  covering  the  exposed  sur- 
face  of  the  bone  cement.  The  sealing  member  has  a 
deformable  surface  disposed  in  substantially  co-pla- 
nar  relationship  with  the  exposed  surface  of  the  bone 
cement  and  extends  beyond  the  edges  of  a  bone,  de- 
fining  the  cavity  to  seal  the  bone  cavity  upon  the  de- 
formation  of  the  deformable  surface. 

The  sealing  member  of  the  preferred  apparatus 
comprises  a  flexible  fluid-containing  bladder  having  a 
bottom  surface  comprising  the  deformable  surface. 
The  preferred  apparatus  further  includes  a  rigid  body 
having  a  downwardly  open  recess  formed  in  a  bottom 
surface  thereof  for  receiving  the  flexible  fluid-con- 
taining  bladderwith  the  deformable  surface  disposed 
adjacent  to  the  downward  opening  of  the  recess. 

A  pump  is  used  for  inflating  the  sealing  member 
and  enabling  the  deformable  surface  to  apply  pres- 
sure  to  the  exposed  surface  of  the  cement.  A  pres- 
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sure  gage  is  used  for  controlling  the  pressure  applied 
on  the  exposed  surface  of  the  bone  cement,  by  the 
sealing  member,  to  within  a  predetermined  range. 

The  preferred  bladder  is  resiliently  expandable 
by  inflation  with  the  pump.  The  pump  for  inflating  the 
flexible  fluid-filled  bladder  includes  a  cylindrical  fluid 
reservoir  formed  within  the  rigid  body.  A  piston  is  op- 
eratively  mounted  within  the  cylindrical  fluid  reservoir 
and  is  moveable  from  a  first  position  within  the  fluid 
reservoir  to  a  second  position  during  which  move- 
ment  fluid  is  expelled  from  the  fluid  reservoir.  A  con- 
duit  connecting  the  fluid  reservoir  to  the  flexible  fluid- 
containing  bladder  is  provided  for  conductingthe  fluid 
expelled  by  the  piston  to  the  inflatable  bladder  forthe 
inflation  thereof.  A  check  valve  is  mounted  in  the  con- 
duit  for  preventing  fluid  from  flowing  back  through  the 
conduit  from  the  fluid-containing  bladder  to  the  reser- 
voir.  A  relief  valve  is  provided  for  deflating  the  fluid- 
containing  bladder  by  relieving  the  pressure  therein. 

A  preferred  method  for  reducing  the  volatilization 
of  the  monomer  component  of  bone  cement  in  a  bone 
cavity  during  polymerization  thereof  comprises  the 
step  of  inserting  the  prosthesis  into  the  bone  cavity. 
The  prosthesis  within  the  bone  cavity  is  surrounded 
with  bone  cement  prior  to  the  completion  of  the  poly- 
merization  thereof.  Immediately  afterthis  filling  oper- 
ation,  a  predetermined  pressure  is  applied  to  the  ex- 
posed  surface  of  bone  cement  surrounding  the  pros- 
thesis.  This  predetermined  pressure  on  the  exposed 
surface  of  the  bone  cement  is  maintained  until  the 
polymerization  is  complete. 

The  preferred  method  further  includes  the  step 
of  sealing  the  bone  cavity  during  the  application  of 
pressure,  with  the  pressure  being  applied  and  main- 
tained  being  56-98KPa  (8-14  pounds  per  square  inch 
(psi))  of  exposed  bone  cement.  The  preferred  method 
uses  a  sealing  member  comprising  a  flexible  fluid-fil- 
led  bladderwhich  is  deformed  by  increasing  the  pres- 
sure  of  the  fluid  therein.  The  deformation  of  the  flex- 
ible  fluid-filled  bladder  is  produced,  at  least  in  part,  by 
pumping  additional  fluid  into  the  bladder. 

An  alternate  method  for  applying  pressure  to  the 
exposed  surface  of  the  curable  bone  cement  sur- 
rounding  the  exposed  end  of  the  prosthesis,  implant- 
ed  in  the  bone  cavity  during  the  curing  of  the  cement, 
comprises  the  step  of  covering  the  exposed  surface 
of  the  bone  cement  with  a  deformable  sealing  mem- 
ber.  The  sealing  member  is  sized  to  extend  beyond 
the  edges  of  the  bone  defining  the  bone  cavity.  The 
sealing  member  is  then  deformed  so  as  to  apply  pres- 
sure  to  the  exposed-surface  of  the  bone  cement  and 
to  seal  the  bone  cavity.  The  pressure  within  said  seal- 
ing  member  is  then  measured.  A  predetermined  pres- 
sure  is  maintained  on  the  exposed  surface  of  the 
bone  cement  until  curing  is  complete. 

In  this  method,  the  sealing  member  can  be  a  flex- 
ible  fluid-filled  bladderwhich  is  deformed  by  increas- 
ing  the  pressure  of  the  fluid  therein.  This  increase  in 

pressure  and  the  deformation  of  the  flexible  fluid-fil- 
led  bladder  is  produced,  at  least  in  part,  by  pumping 
additional  fluid  into  the  bladder.  The  predetermined 
pressure  is  between  56-98KPa  (8-14  psi). 

5  These  and  other  objects  are  advantages  of  the 
present  invention  and  will  become  apparent  from  the 
following  description  of  the  accompanying  drawings, 
which  disclose  one  embodiment  of  the  invention.  It  is 
to  be  understood  that  the  drawings  are  to  be  used  for 

10  the  purposes  of  illustration  only  and  not  as  a  defini- 
tion  of  the  invention. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

15  In  the  drawings  wherein  similar  reference  char- 
acters  denotes  similar  elements  throughout  the  sev- 
eral  views: 

FIG.  1  is  a  cross-sectional  side  view  of  a  femur  in- 
cluding  the  apparatus  of  the  present  invention 

20  mounted  at  the  proximal  end  thereof; 
FIG.  2  is  a  cross-sectional  side  view  of  the  appa- 
ratus  of  the  present  invention  prior  to  pressuriza- 
tion; 
FIG.  3  is  a  cross-sectional  side  view  of  the  appa- 

25  ratus  of  the  present  invention  after  inflation; 
FIG.  4  is  an  enlarged  cross-sectional  view  of  the 
bladder  attachment  of  the  present  invention;  and 
FIG.  5  is  a  plane  view  of  the  inflatable  bladder  of 
the  present  invention. 

30 
DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

Referring  to  FIG.  1  ,  there  is  shown  the  apparatus 
35  of  the  present  invention,  generally  denoted  as  10, 

mounted  on  the  prepared  proximal  end  of  a  femur  12. 
Femur  12  includes  a  prepared  intramedullary  canal 
14  in  which  a  femoral  component  16  having  a  stem 
has  been  inserted  and  has  been  surrounded  by  bone 

40  cement  1  8.  The  preferred  bone  cement  is  a  two  part 
polymethyl  methacrylate  system  in  which  a  liquid 
monomer  and  a  powdered  monomer  component  are 
mixed  prior  to  being  placed  in  intramedullary  canal 
14. 

45  Apparatus  10  includes  a  rigid  body  20  formed  of 
metal  or  a  suitable  plastic.  Rigid  body  20  has  a  down- 
wardly  open  recess  22  formed  in  a  bottom  surface  34 
thereof.  An  annular  shaped  inflatable  bladder  24  is 
housed  within  downwardly  open  recess  22.  Deform- 

50  able  bladder  24  has  an  annular  or  donut  shape  and 
may  be  inflated  with  a  suitable  fluid  such  as  a  saline 
solution  or  other  biocompatible  liquid.  The  inner  hole 
or  opening  26  of  inflatable  bladder  24  is  sized  to  fit 
over  the  trunion  28  of  a  wide  variety  of  femoral  com- 

55  ponents  1  6.  Inflatable  bladder  24  includes  an  inlet  30 
having  the  form  of  a  generally  annular  extension  31 
which,  in  the  preferred  embodiment,  is  adapted  to  be 
sealingly  received  in  a  groove  33  surrounding  an  out- 
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let  32  formed  on  the  bottom  surface  34  of  rigid  body 
20. 

Inlet  32  communicates  with  a  passageway  36 
leading  to  a  valve  system  38.  Valve  system  38  in- 
cludes  a  check  valve  element  40  which  is  movable  in 
a  valve  chamber  46.  Element  40  is  spring  loaded  to  a 
closed  position  by  spring  44.  Spring  44  is  mounted 
within  chamber  46  at  one  and  thereof.  Chamber  46 
communicates  with  inflatable  bladder  24  via  conduit 
36  and  inlet  32.  A  passageway  48  also  communicates 
with  chamber  46  through  an  outer  wall  of  rigid  body 
20.  Apressure  gage  is  mounted  so  that  pressure  gage 
50  can  measure  the  pressure  within  the  chamber  46 
and  therefore  within  inflatable  bladder  24.  A  conduit 
52  communicates  with  chamber  64  of  valve  element 
40  opposite  chamber  46  so  that  when  valve  element 
40  is  in  the  open  position,  conduit  52  may  communi- 
cate  with  inflatable  bladder  24  via  chamber  46,  con- 
duit  36  and  inlet  32. 

Valve  element  40  has  a  conically  shaped  surface 
41  which  engages  a  mating  of  conically  shaped  sur- 
face  47  at  the  end  of  chamber  46  opposite  the  end 
thereof  where  spring  44  is  located.  The  cooperation 
between  surfaces  47  and  41  serves  to  seal  chamber 
46  from  conduit  or  passageway  52. 

Conduit  52  in  turn  is  connected  to  a  pump  ele- 
ment  generally  denoted  as  54  which,  in  the  preferred 
embodiment,  is  a  piston  cylinder  arrangement.  In  this 
arrangement,  a  piston  56  is  slidably  mounted  within 
a  cylinder  58  for  axial  movement  therein.  An  O-ring  59 
is  provided  to  seal  piston  56  as  it  moves  axially  within 
cylinder  58. 

Referring  to  FIG.  4,  there  is  shown  an  enlarged 
cross  sectional  view  of  inflatable  bladder  24  with  inlet 
30  thereof  inserted  within  groove  33  of  rigid  body  20. 
Annular  extension  31  of  inlet  30  has  a  wall  thickness 
sized  such  that  there  is  an  interference  fit  within  the 
groove  33  formed  in  rigid  body  20.  Consequently, 
upon  insertion  of  extension  31  in  groove  33  a  tight 
seal  is  formed,  thereby  preventing  leakage  of  fluid 
within  inflatable  bladder  24  upon  pressurization 
thereof. 

A  second  chamber  64  is  formed  within  rigid  body 
20  and  contains  upper  end  45  of  valve  element  40. 
Chamber  64  is  outwardly  open  with  respect  to  rigid 
body  20  but  is  sealed  with  an  elastomeric  element  66. 
Elastomeric  element  66  is  preferably  made  of  silicone 
rubber  having  a  resiliency  such  that  it  may  be  de- 
formed  inwardly  by  applying  pressure  thereto,  thus 
contacting  end  45  of  valve  element  40  and  moving 
valve  element  40  against  the  biasing  force  of  spring 
44. 

Referring  to  FIGS.  2  and  3,  the  preferred  method 
of  operation  of  the  device  of  the  present  invention  can 
be  described.  Initially,  as  shown  in  FIG.  2,  piston  56 
is  in  an  extended  position  such  that  cylinder  58  is  fil- 
led  with  the  suitable  fluid.  Valve  element  40  is  in  the 
upper  position,  and  because  of  tapered  surface  41 

thereof  and  mating  tapered  surface  47  formed  on 
chamber  46,  a  seal  is  created  preventing  fluid  flow 
from  conduit  52  to  inflatable  bladder  24.  The  surgeon 
would  first  mix  the  normally  two  component  bone  ce- 

5  ment  and  fill  the  already  prepared  bone  cavity  with 
the  cement  1  8.  He  would  then  insert  femoral  compo- 
nent  16  leaving  trunion  28  thereof  exposed.  Rigid 
body  20  includes  cavity  27,  sized  to  snugly  receive 
trunion  28. 

10  Inflatable  bladder  24  is  mounted  within  recess  22 
of  apparatus  10  in  manner  so  that  hole  26  thereof  is 
aligned  with  cavity  27  in  body  20.  Bladder  24  is  so 
constructed  that  when  hole  26  is  so  aligned,  annular 
extension  31  is  aligned  with  groove  33  in  body  20  and 

15  can  be  inserted  therein.  Trunion  28  of  femoral  com- 
ponent  16  is  then  inserted  through  hole  26  into  cavity 
27  of  body  20. 

The  surgeon  then  depresses  piston  56  thereby 
forcing  fluid  through  conduit  52  into  chamber  64.  As 

20  the  pressure  in  chamber  64  increases,  valve  element 
40  moves  downwardly  against  the  biasing  action  of 
spring  44,  allowing  fluid  from  cylinder  58  to  flow 
through  chamber  46,  conduit  36,  inlet  30  and  into  in- 
flatable  bladder  24,  causing  it  to  expand  or  inflate  as 

25  shown  in  FIG.  3.  Since  recess  22  has  a  diameter 
greater  than  the  intramedullary  canal  reamed  by  the 
surgeon,  it  effectively  seals  bone  cavity  14.  As  blad- 
der  24  inflates,  hole  26  therein  contracts  and  causes 
sealing  around  trunion  28  of  femoral  component  16. 

30  The  surgeon  continues  to  depress  piston  56  until  a 
pressure  of  between  56  and  98KPa  (8  and  14  pounds 
per  square  inch  (psi))  is  shown  on  gage  50. 

This  pressure  is  the  pressure  within  chamber  46 
and  inflatable  bladder  24.  It  is  also  the  pressure  being 

35  exerted  upon  the  cement  surface  19  surrounding 
stem  17  of  the  femoral  component  16.  Upon  attaining 
this  predetermined  pressure,  the  surgeon  would 
cease  depressing  piston  56  of  the  cylinder  58  so  that 
no  additional  fluid  would  flow  through  the  conduit  52 

40  and  into  inflatable  bladder  24.  Upon  cessation  of  the 
downward  force  on  piston  56,  fluid  forces  would 
cause  it  to  move  outwardly  in  cylinder  58,  thereby  re- 
lieving  the  pressure  in  conduit  52  and  chamber  46,  al- 
lowing  pressure  forces  and  spring  44  to  again  move 

45  valve  element  40  against  inclined  surface  47,  thereby 
causing  valve  element  40  to  act  as  a  check  valve. 
Should  any  leakage  in  the  system  occur,  the  surgeon 
would  read  gage  50  as  falling,  and  when  the  lower  li  m- 
it  of  56KPa  (8  psi)  was  reached,  he  would  again  pres- 

50  surize  the  system.  This  could  be  done  by  depressing 
piston  56  or  by  placing  more  pressure  on  partially  in- 
flated  bladder  24  via  physical  pressure  on  body  20  it- 
self  such  as  by  pressing  the  body  20  against  the  prox- 
imal  end  of  femur  12. 

55  Polymerization  usually  takes  about  1  2  to  1  5  min- 
utes  after  the  initial  mixing  of  the  liquid  monomer  and 
powdered  monomer  components  of  the  polymethyl 
methacrylate  bone  cement.  Therefore,  if  the  bone  ce- 
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ment  18  were  inserted  within  the  bone  cavity  14  ap- 
proximately  6  minutes  after  mixing,  the  surgeon 
should  maintain  the  predetermined  pressure  of  56- 
98KPa  (8  to  14  psi)  for  an  additional  6  to  9  minutes  to 
ensure  that  polymerization  is  complete.  Upon  the  ex- 
piration  of  this  time  period,  valve  element  40  may  be 
moved  downwardly  against  the  biasing  action  of 
spring  44  by  depressing  elastomeric  element  66, 
thereby  disengaging  the  inclined  surfaces  forming 
the  check  valve.  Fluid  forces  would  then  move  piston 
56  upwardly  in  cylinder  58,  causing  bladder  24  to  at 
least  partially  deflate.  The  device  would  then  be  re- 
moved  from  the  proximal  end  of  the  femur  with  the  fe- 
moral  component  now  cemented  therein.  By  allowing 
polymerization  to  occur  under  pressure,  a  much 
stronger  bond  is  developed  between  the  bone,  the 
bone  cement  18  and  the  stem  17. 

The  apparatus  of  the  present  invention  is  made 
of  materials  which  can  withstand  temperatures  in  ex- 
cess  of  100°C  (212°F)  so  that  it  may  be  easily  steril- 
ized.  Bag  orbladder24  may  be  made  of  silicon  rubber 
so  that  it  can  be  sterilized  or  may  be  made  of  any 
other  material  and  discarded  after  each  use.  As  can 
be  seen,  inflatable  bladder  24  can  be  easily  attached 
and  detached  from  body  20.  The  sterile  fluid  in  cylin- 
der  58  can  be  replaced  after  each  use  or  can  be  ster- 
ilized  by  the  same  process  used  to  sterilize  the  entire 
apparatus. 

Claims 

1.  An  apparatus  10  for  use  in  applying  a  predeter- 
mined  pressure  to  an  exposed  surface  19  of  a 
curable  bone  cement  18  in  an  area  surrounding 
an  exposed  end  of  a  prosthesis  16,  during  the 
curing  of  the  cement  to  achieve  fixation  of  the 
prosthesis  16,  the  apparatus  comprising: 

a  generally  annular  inflatable  sealing 
member  24  having  an  opening  26  therein  for  fit- 
ting  over  the  exposed  end  28  of  the  prosthesis 
16,  said  sealing  member24  having  an  outerdiam- 
eter  extending  beyond  the  exposed  surface  1  9  of 
the  bone  cement  1  8,  said  sealing  member  having 
a  deformable  surface  disposed  in  a  substantially 
co-planar  relationship  with  the  exposed  surface 
19  of  the  bone  cement  18  and  extending  beyond 
the  edges  of  a  bone  12  defining  the  cavity  to  seal 
the  bone  cavity  14  upon  the  deformation  of  said 
deformable  surface; 

means  56  for  inflating  said  sealing  mem- 
ber  24  and  causing  said  deformable  surface  to 
apply  pressure  to  said  exposed  surface  1  9  of  said 
cement  18;  and 

means  50  for  controlling  the  pressure  ap- 
plied  to  the  exposed  surface  of  the  bone  cement 
by  said  sealing  member  to  within  a  predeter- 
mined  range. 

2.  The  apparatus  as  set  forth  in  claim  1  wherein  the 
sealing  member  24  comprises  a  resiliently  ex- 
pandable  fluid-containing  bladder  having  a  bot- 
tom  surface  comprising  said  deformable  surface. 

5 
3.  The  apparatus  as  set  forth  in  claim  2  further  in- 

cluding  a  rigid  body  20  having  a  downwardly  open 
recess  22  formed  in  a  bottom  surface  thereof  for 
receiving  said  resiliently  expandable  fluid-con- 

10  taining  bladder  24  with  said  deformable  surface 
disposed  adjacent  to  the  downward  opening  22  of 
said  open  recess. 

4.  The  apparatus  as  set  forth  in  claim  3  wherein  the 
15  bladder  is  resiliently  expandable  by  inflation  with 

fluid. 

5.  The  apparatus  as  set  forth  in  claim  2  wherein 
said  means  56  for  inflating  said  resiliently  ex- 

20  pandable  fluid-filled  bladder  comprises: 
a  fluid  reservoir  58  formed  within  said  rigid 

body  20; 
a  piston  59  operatively  mounted  within 

said  fluid  reservoir  58  and  moveable  from  a  first 
25  position  within  said  fluid  reservoir  to  a  second 

position,  such  that  fluid  is  expelled  from  the  fluid 
reservoir  as  said  movement  progresses; 

a  passageway  52  formed  within  said  rigid 
body  20  for  connecting  said  fluid  reservoir  to  said 

30  resiliently  expandable  bladder; 
means  38  mounted  in  said  passageway  for 

permitting  fluid  expelled  from  said  reservoir  to 
flow  through  said  passageway  52  from  said  re- 
servoir  58  to  said  resiliently  expandable  fluid-f  il- 

35  led  bladder  24,  but  preventing  fluid  from  flowing 
through  said  passageway  from  said  resiliently 
expandable  fluid-filled  bladder  to  said  reservoir; 
and 

means  40  for  deflating  said  fluid-filled 
40  bladder  24  by  relieving  the  pressure  therein. 

6.  The  apparatus  as  set  forth  in  claim  5  wherein 
said  means  for  deflating  said  fluid-filled  bladder 
and  said  means  for  permitting  and  preventing  flu- 

45  id  flow  is  a  valve  38  mounted  in  said  passageway. 

7.  The  apparatus  as  set  forth  in  claim  5  wherein 
said  means  for  controlling  the  pressure  on  the  ex- 
posed  surface  of  the  bone  cement  includes  a 

so  pressure  gage  50  measuring  the  pressure  within 
said  sealing  member. 

8.  The  apparatus  as  set  forth  in  claim  5  wherein 
said  predetermined  pressure  is  56-98KPa  (8-14 

55  psi). 

5 
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Patentanspriiche 

1.  Vorrichtung  10  zur  Verwendung  beim  Ausuben 
eines  vorbestimmten  Drucks  auf  eine  freiliegen- 
de  Oberflache  19  eines  aushartbaren  Knochen-  5 
zements  18  in  einem  ein  freiliegendes  Ende  ei- 
ner  Prothese  16  umgebenden  Bereich  wahrend 
des  Aushartens  des  Zements  zum  Erzielen  einer 
Fixation  der  Prothese  16,  wobei  die  Vorrichtung 
umfalit:  10 

ein  allgemein  ringformiges  aufweit  bares 
Dichtelement  24  mit  einer  darin  ausgebildeten 
Offnung  26  zum  Anbringen  uber  dem  freiliegen- 
den  Ende  28  der  Prothese  16,  wobei  das  besagte 
Dichtelement  24  einen  Auliendurchmesser  auf-  15 
weist,  der  sich  uber  die  freiliegende  Oberflache 
19  des  Knochenzements  18  hinaus  erstreckt, 
wobei  das  besagte  Dichtelement  eine  verformba- 
re  Oberflache  aufweist,  die  in  einer  im  wesentli- 
chen  koplanaren  Beziehung  zur  freiliegenden  20 
Oberflache  19  des  Knochenzements  18  ange- 
ordnet  ist  und  sich  uber  die  Rander  eines  die  Hoh- 
le  umschlielienden  Knochens  12  hinaus  er- 
streckt,  urn  die  Knochenhohle  14  bei  der  Verfor- 
mung  der  besagten  verformbaren  Oberflache  25 
abzudichten; 

Mittel  56,  urn  das  besagte  Dichtelement  24 
aufzuweiten  und  zu  bewirken,  daft  die  besagte 
verformbare  Oberflache  einen  Druckauf  die  be- 
sagte  freiliegende  Oberflache  19  des  besagten  30 
Zements  18  ausubt;  und 

Mittel  50,  urn  den  von  dem  besagten  Dicht- 
element  auf  die  freiliegende  Oberflache  des 
Knochenzements  ausgeubten  Druck  zu  kontrol- 
lieren,  so  dali  er  einen  Wert  innerhalb  eines  vor-  35 
bestimmten  Bereichs  annimmt. 

sagten  Mittel  56  zum  Aufweiten  der  besagten  ela- 
stisch  dehnbaren,  mit  Fluid  gefullten  Blase  um- 
fassen: 

einen  innerhalb  des  besagten  starren  Kor- 
pers  20  ausgebildeten  Fluidbehalter  58; 

einen  Kolben  59,  der  innerhalb  des  besag- 
ten  Fluidbehalters  58  wirkend  montiert  ist  und 
aus  einer  ersten  Stellung  innerhalb  des  besagten 
Fluidbehalters  in  eine  zweite  Stellung  bewegbar 
ist,  derart  dali  bei  Fortschreiten  der  besagten  Be- 
wegung  Fluid  aus  dem  Fluidbehalter  ausgesto- 
lien  wird; 

einen  innerhalb  des  besagten  starren  Kor- 
pers  20  ausgebildeten  Durchlali  52,  urn  den  be- 
sagten  Fluidbehalter  mit  der  besagten  elastisch 
dehnbaren  Blase  zu  verbinden; 

Mittel  38,  die  in  dem  besagten  Durchlali 
angebracht  sind,  so  daft  aus  dem  besagten  Be- 
halter  ausgestolienes  Fluid  von  dem  besagten 
Behalter  58  durch  den  besagten  Durchlali  52  zu 
der  besagten  elastisch  dehnbaren,  mit  Fluid  ge- 
fullten  Blase  24  stromen  kann,  die  jedoch  verhin- 
dern,  dali  Fluid  von  der  besagten  elastisch  dehn- 
baren,  mit  Fluid  gefullten  Blase  durch  den  besag- 
ten  Durchlali  zu  dem  besagten  Behalter  stromt; 
und 

Mittel  40  zum  Entleeren  der  besagten  mit 
Fluid  gefullten  Blase  24  durch  Entlastung  des 
darin  herrschenden  Drucks. 

6.  Vorrichtung  nach  Anspruch  5,  bei  welcherdie  be- 
sagten  Mittel  zum  Entleeren  der  besagten  mit 
Fluid  gefullten  Blase  und  die  besagten  Mittel  zum 
Gestatten  und  Verhindern  eines  Fluidstroms  ein 
in  dem  besagten  Durchlali  montiertes  Ventil  38 
sind. 

2.  Vorrichtung  nach  Anspruch  1,  bei  welcher  das 
Dichtelement  24  eine  elastisch  dehnbare,  ein 
Fluid  enthaltende  Blase  mit  einer  die  besagte  40 
verformbare  Oberflache  umfassenden  Untersei- 
te  umfalit. 

3.  Vorrichtung  nach  Anspruch  2,  weiter  enthaltend 
einen  starren  Korper  20  mit  einer  in  einer  Unter-  45 
seite  desselben  ausgebildeten,  nach  unten  zu  of- 
fenen  Ausnehmung  22  zur  Aufnahme  der  besag- 
ten  elastisch  dehnbaren,  ein  Fluid  enthaltenden 
Blase  24,  wobei  die  besagte  verformbare  Ober- 
flache  benachbart  zu  der  nach  unten  weisenden  50 
Offnung  22  der  besagten  offenen  Ausnehmung 
angeordnet  ist. 

4.  Vorrichtung  nach  Anspruch  3,  bei  welcher  die 
Blase  durch  Aufweiten  mit  einem  Fluid  elastisch  55 
dehnbar  ist. 

5.  Vorrichtung  nach  Anspruch  2,  bei  welcherdie  be- 

7.  Vorrichtung  nach  Anspruch  5,  bei  welcherdie  be- 
sagten  Mittel  zum  Kontrollieren  des  Drucks  auf 
die  freiliegende  Oberflache  des  Knochenze- 
ments  ein  den  Druck  innerhalb  des  besagten 
Dichtelements  messendes  Druckmeligerat  50 
einschlielien. 

1.  Appareil  (10)  destine  a  etre  utilise  pour  exercer 
une  pression  predeterminee  sur  une  surface  a 
decouvert  (19)  d'un  cimenta  os  durcissable  (18) 
dans  une  zone  entourant  une  extremite  a  decou- 
vert  d'une  prothese  (16)  pendant  le  durcissement 
du  ciment  af  in  d'obtenir  la  fixation  de  la  prothese 
(16),  I'appareil  comprenant  : 

45  8.  Vorrichtung  nach  Anspruch  5,  bei  welcherder  be- 
sagte  vorbestimmte  Druck  56-  98  kPa  (8-14  psi) 
betragt. 

50  Revendications 
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un  element  d'etancheite  gonflable  sensi- 
blement  annulaire  (24)  comportant  un  trou  (26) 
pour  s'ajuster  sur  I'extremite  (28)  a  decouvert  de 
la  prothese  (16),  ledit  element  d'etancheite  (24) 
ayant  un  diametre  exterieur  se  prolongeant  au-  5 
dela  de  la  surface  (19)  a  decouvert  du  ciment  a 
os  (18),  ledit  element  d'etancheite  comportant 
une  surface  deformable  disposee  de  maniere  a 
etre  sensiblement  coplanaire  avec  la  surface  (1  9) 
a  decouvert  du  ci  ment  a  os  (1  8)  et  se  prolongeant  10 
au-dela  des  bords  d'un  os  (12)  delimitant  la  cavite 
afin  de  rendre  etanche  la  cavite  (14)  de  I'os  lors 
de  la  deformation  de  ladite  surface  deformable  ; 

un  moyen  (56)  pour  gonfler  ledit  element 
d'etancheite  (24)  et  pour  provoquer  I'exercice  15 
d'une  pression  par  ladite  surface  deformable  sur 
ladite  surface  (1  9)  a  decouvert  dudit  ci  ment  (1  8)  ; 
et 

un  moyen  (50)  de  reglage  de  la  pression 
exercee  sur  la  surface  a  decouvert  du  ciment  a  20 
os  par  ledit  element  d'etancheite  dans  une  plage 
predeterminee. 

2.  Appareil  selon  la  revendication  1,  dans  lequel 
I'element  d'etancheite  (24)  consiste  en  une  ves-  25 
sie  dilatable  elastiquement,  contenant  un  fluide 
et  ayant  une  surface  inferieure  const  ituant  ladite 
surface  deformable. 

de  circuler  dans  ledit  passage  (52)  dudit  reservoir 
(58)  vers  ladite  vessie  (24)  dilatable  elastique- 
ment  et  remplie  de  fluide,  mais  empechant  le  flui- 
de  de  circuler  dans  ledit  passage  de  ladite  vessie 
dilatable  elastiquement  et  remplie  de  fluide  vers 
ledit  reservoir  ;  et 

un  moyen  (40)  pourdegonfler  ladite  vessie 
(24)  remplie  de  fluide  par  elimination  de  la  pres- 
sion  regnant  dans  cette  derniere. 

6.  Appareil  selon  la  revendication  5,  dans  lequel  le- 
dit  moyen  pourdegonfler  ladite  vessie  remplie  de 
fluide  et  ledit  moyen  pour  permettre  et  empecher 
la  circulation  du  fluide  est  une  soupape  (38)  mon- 
tee  dans  ledit  passage. 

7.  Appareil  selon  la  revendication  5,  dans  lequel  le- 
dit  moyen  de  reglage  de  la  pression  exercee  sur 
la  surface  a  decouvert  du  ciment  a  os  comprend 
un  manometre  (50)  mesurant  la  pression  regnant 
dans  ledit  element  d'etancheite. 

8.  Appareil  selon  la  revendication  5,  dans  lequel  la- 
dite  pression  predeterminee  est  de  56-98  kPa  (8- 
14  livres  par  pouce  carre). 

3.  Appareil  selon  la  revendication  2,  comprenant  30 
par  ailleurs  un  corps  rigide  (20)  comportant  une 
cavite  (22)  ouverte  vers  le  bas  et  realisee  dans  sa 
surface  inferieure  pour  loger  ladite  vessie  (24)  di- 
latable  elastiquement  et  contenant  un  fluide  de 
maniere  que  ladite  surface  deformable  soit  dis-  35 
posee  au  voisinage  de  I'orif  ice  (22)  aval  de  ladite 
cavite  ouverte. 

4.  Appareil  selon  la  revendication  3,  dans  lequel  la- 
dite  vessie  est  dilatable  elastiquement  par  gon-  40 
flage  par  un  fluide. 

5.  Appareil  selon  la  revendication  2,  dans  lequel  le- 
dit  moyen  (56)  pour  gonfler  ladite  vessie  dilatable 
elastiquement  et  remplie  de  fluide  comprend  :  45 

un  reservoir  (58)  a  fluide  realise  a  I'inte- 
rieur  dudit  corps  rigide  (20)  ; 

un  piston  (59)  monte  fonctionnellement  a 
I'interieur  dudit  reservoir  (58)  a  fluide  et  deplaca- 
ble  d'une  premiere  position  a  I'interieur  dudit  re-  50 
servoir  a  fluide  a  une  seconde  position  de  facon 
que  du  fluide  soit  refoule  du  reservoir  a  fluide  lors 
de  la  progression  dudit  mouvement  ; 

un  passage  (52)  realise  dans  ledit  corps  ri- 
gide  (20)  pour  relier  ledit  reservoir  a  fluide  et  la-  55 
dite  vessie  dilatable  elastiquement  ; 

un  moyen  (38)  monte  dans  ledit  passage 
pour  permettre  au  fluide  refoule  dudit  reservoir 
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